.
Calculation of spallation-generated deuterium
For this calculation, we assume hydrogen was derived from solar-wind and deuterium was generated by cosmic-ray and solar-flare spallation. Using a spallation production rate of D at the surface (1.5 × 10 -12 mole D 2 /g/Myr) 8 , and a solar-flare exposure age of 10084 (100 Ma 9 ), we obtained 6 × 10 
Calculation hydrogen isotope composition of vapor from volcanic degassing
At the oxygen fugacity of IW-2 to IW, the vapor contains H 2 and H 2 O. Let R=D/H and x = X H 2,v . Thus, for the hydrogen isotope composition of the vapor (v), we have:
The mole fraction of H 2 in the vapor is approximated by the fugacity ratio of H 2 /H 2 O (10:1 at log f O2 = IW-2 to 1:1 at log f O2 = IW)
11 . The fractionation factor α H 2 O v -H 2 v is 1.0875 at 1300 °C 12 .
For the melt, dissolved H 2 and molecular H 2 O are insignificant compared to OH 11 . It is thus reasonable to assume there is no fractionation between H 2 in the vapor and that in the melt, and H 2 in the melt and OH in the melt. Therefore the exchange reactions between vapor and melt follow:
Using values for rhyolite 6 , α H2Ov -H2Om = 0.9857 and α H 2 O m -OH m = 1.049, we have α H 2 O v -melt = 1.034. Thus,
For δD melt = + 340 ‰ for glass beads corrected for spallation 13 , the δD v in equilibrium with the melt is ~+284 to +330 ‰ for IW-2 to IW, respectively. 
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